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362a Monday, February 27, 2012lifting inhibition. The force-sensing ability of titin kinase was demonstrated in
AFM experiments and simulations [Puchner, et al., 2008, PNAS:105, 13385],
which showed indeed that mechanical forces can remove the autoinhibitory
tail of titin kinase. We report here steered molecular dynamics simulations
(SMD) of the very recently resolved crystal structure of twitchin kinase, con-
taining the kinase region and flanking fibronectin and immuniglobulin domains,
that show a variant mechanism. Despite the significant structural and sequence
similarity to titin kinase, the autoinhibitory tail of twitchin kinase remains in
place upon stretching, while the N-terminal lobe of the kinase unfolds. The
SMD simulations also show that the detachment and stretching of the linker be-
tween fibronectin and kinase regions, and the partial extension of the autoinhi-
bitory tail, are the primary force-response. We postulate that this stretched
state, where all structural elements are still intact, may represent the physiolog-
ically active state.
Excitation Contraction Coupling I
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In skeletal muscle, the dihydropyridine receptor (DHPR) in the t-tubular mem-
brane serves as Ca2þchannel and as voltage sensor for excitation-contraction
(EC) coupling, triggering Ca2þrelease via a physical/conformational coupling
to the type 1 ryanodine receptor (RyR1) in the sarcoplasmic reticulum (SR)
membrane. The particulars of the structural and functional links between these
two proteins are widely unknown. The putative intracellular portions of the
DHPR a1S subunit, the N-terminus, C-terminus, and the loops connecting
the four homologous repeats (I-IV), play important roles in the communication
with the RyR1. Examples are the b-subunit recruiting function of the I-II loop,
the bi-directional signaling function of the II-III loop with the RyR1 during EC-
coupling, the influence of the III-IV loop on RyR1 mediated Ca2þdelivery, and
the a1S C-terminus. These channel parts are believed to either directly or indi-
rectly interact with the RyR1, and the close spatial proximity between the two
channels at t-tubule/SR ‘junctions’ constitutes the structural prerequisite for
this linkage. The present work provides for the first time a structural insight
into the arrangement of the crucial molecular components of the DHPR-
RyR1 interaction, by using measurements of fluorescence resonance energy
transfer (FRET), conducted within the cellular environment of living myotubes.
Upon expression, the degree of FRET was determined for different combina-
tions of labeled cytoplasmic a1S domains, using a sensitized emission FRET
variant. Confocal fluorescence microscopy was applied to check for correct ex-
pression and function of the constructs upon expression in dyspedic (RyR1
null) and dysgenic (a1S null) myotubes. The presence of RyR1 significantly al-
tered the intramolecular energy transfer for almost every double tagged a1S
construct. These measurements reveal that virtually the complete cytoplasmic
a1S architecture is significantly rearranged by the presence of the RyR1.
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19-Residue Peptide from C-Terminal Tail of DHPR b1A Subunit Potenti-
ates Voltage-Dependent Calcium Release in Adult Skeletal Muscle Fibers
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The skeletal muscle isoforms of the membrane-spanning a1s subunit and the cy-
toplasmic b1a subunit are essential during EC coupling. Recent evidence sug-
gests that the activating effect of the full-length b1a subunit on isolated
ryanodine receptor (RyR1) Ca2þ channels in lipid bilayer can be reproduced
by a peptide (b1a 490-524) corresponding to the 35-residue C-terminal tail of
the b1a subunit and also confirmed a high-affinity interaction between the C-ter-
minal tail of theb1a andRyR1.Wenow tested the hypothesis that a 19 amino acid
residue peptide (b1a 490-508) may be sufficient to reproduce activating effects
already observed for b1a 490-524 as well as that of the full-length peptide. The
hypothesis is based on existing results using overlapping peptides tested on iso-
latedRyR1 in phospholipid bilayer (1). Herewe examined the effects of b1a 490-
508 on Ca2þ release during whole cell voltage-clamp depolarization of adult
mouse FDB muscle fibers. 25 nM or 100 nM of b1a 490-508 peptide in a patch
pipette caused a 25% increment in the SR Ca2þ release flux in single voltage
clamped muscle fibers but with no significant shift in the voltage dependence
of the maximum peak Ca2þ release flux. Considerably less activating effect
was observed using 400 nMpeptide. A scrambled form of the 19-residue peptide
(100nM) was used as a negative control for the wild-type peptide and produced
a negligible effect on the peak amplitude ofCa2þ release flux.Taken together,wehave shown that the b1a 490-508 peptide contains molecular components suffi-
cient to modulate EC coupling between DHPR and RyR1 in adult functioning
muscle fibers. Supported by R01-AR055099 and T32-AR007592.
1. Rebbeck, R.T. et. al. March (2011) Biophysical Society Abstract 3195-Pos/
B300.
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STIM1, a Ca2þ-sensing protein on ER/SR membrane, mediates a store-
operated Ca2þ-entry (SOCE) by activating Orai1 Ca2þ-entry channel on
plasma membrane. E136Xmutant of STIM1, truncated STIM1missing binding
abilities to Orai1, has been found in patients with immunodeficiency accompa-
nying muscular hypotonia. To identify causes of the muscular hypotonia,
E136X was expressed in mouse skeletal myotubes and dominant-negative ef-
fects of E136X were examined. Myotubes expressing E136X showed increases
in both KCl (a membrane depolarizer resulting excitation-contraction coupling)
and caffeine (a direct RyR1 agonist) responses. On the other hand, SOCE, rest-
ing cytosolic Ca2þ level, SR Ca2þ level were not significantly changed by the
expression of E136X. In addition, E136X did not interfere with puncta forma-
tions by endogenous STIM1 and Orai1. These data mean that muscular hypo-
tonia found in patients with E136X is due to changes in excitation-contraction
coupling. Additionally, we suggest that C-terminus of STIM1 that is missing in
E136X participates in the regulation of skeletal EC coupling.
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In mouse FDB cells releasing Ca2þ under patch clamp we measured luminal
[Ca2þ]SR with the novel sensor D4cpv-calsequestrin (Sztretye et al. JGP
2011a) in parallel with SR Ca2þ release flux (derived from the fluorescence
of cytosolic X-rhod 1). These simultaneous measurements allowed the dynamic
monitoring of Ca2þ buffering power of the SR (BPh D[Ca]total, SR / D
[Ca2þ]SR). BP started at 180 (SEM 30, 27 cells) and decreased to 89 (SEM
14) as the SR lost Ca2þ upon SR-depleting membrane depolarization (400
ms, þ30 mV). The stage of high BP is also characterized by a ‘‘hump’’ in
the release flux waveform. Recovery of SR Ca2þ content after the end of depo-
larization proceeded at the lower BP value (a mismatch that we call ‘‘buffer
hysteresis’’). BP regained slowly its initial value, as demonstrated by persistent
low power and absence of hump in the second depolarizing pulse of pairs sep-
arated by 600 ms. Full restoration of hump and BP was observed after 2 min
rest. In calsequestrin1-null cells BP was a constant 40 during the pulse (3.6,
29 cells), there was neither buffer hysteresis nor flux hump. Therefore, calse-
questrin 1 is the time-dependent, hysteretic buffer, and contributes approxi-
mately 75% of the SR buffering power. Total releasable Ca2þ, however, only
decayed by 30% in CSQ-null cells, a paradox explained by a more thorough
depletion in the null (Sztretye et al. JGP 2011b). The time dependence and hys-
teresis of the calsequestrin contribution to Ca2þ buffering is consistent with ag-
gregation changes proposed to accompany Ca2þ binding (e.g. Park et al. JBC
2004). In this view, the hysteresis reflects the time required for the Ca2þ
dissociation-induced structural changes in calsequestrin to reverse upon Ca2þ
reuptake into the SR.
Funded by NIAMS/NIH and MDA.
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SR Ca2þ buffering power, BP, decreases during Ca2þ-depleting depolarizations
of mouse skeletal muscle. During Ca2þ release the stage of highBP is character-
ized by a ‘‘hump’’ in the release flux waveform. After the depolarization BP re-
turns slowly to its initial value, as demonstrated by the absence of a hump in the
flux induced by the second pulse of pairs separated by 600 ms. These time-
dependent features were described as ‘‘buffer hysteresis’’ and shown to be con-
tributed by calsequestrin in the Sztretye et al., companion poster. SR release flux
and BP were measured in calsequestrin 1-null cells expressing the biosensor
D4cpv-calsequestrin. Null cells had lower BP and generally lacked the hump
in the flux. In some regions of these cells, however, [biosensor] reached very
Monday, February 27, 2012 363ahigh values. The spatial heterogeneity of expression permitted comparison of
flux and buffer properties evaluated with the same depolarizing pulse simulta-
neously in regions of widely different [biosensor]. The hump of Ca2þ release
flux and other features of buffer hysteresis were restored in regions of
calsequestrin-null cells where D4cpv-calsequestrin reached above 8 mmol/liter
of cytosol. The restoration was partial or nil at [biosensor] below 3 mM. At 10
mM a functional calsequestrin moiety in the biosensor should provide 800 mM
binding sites (or 400 mM Ca2þ at 50% occupancy), a significant contribution
compared with the estimates of amount released (1240 mM in WT, 867 mM in
the null). Therefore, in addition to a targeted biosensor D4cpv-calsequestrin is
a fluorescently tagged Ca2þ buffer. Moreover, the restoration of hysteretic
Ca2þ buffering features indicates that this biosensor contributes the full buffer
functionality of calsequestrin. To our knowledge, this is the first example of
amoleculewith the functional properties of both a biosensor and a native protein.
Funded by NIAMS/NIH.
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Calcium release from the sarcoplasmic reticulum (SR) triggers skeletal muscle
cell contraction and takes place in highly organized membrane structures,
called triads. A triad is composed of two SR terminal cisternae surrounding
a plasma membrane transverse-tubule. This architecture is essential to sustain
the activity of the calcium channel RyR1, which is located in the membrane of
SR cisternae. However, little is known about the molecular mechanisms allow-
ing the formation and maintenance of SR terminal cisternae. We have previ-
ously shown that ablation of triadin, a SR transmembrane protein interacting
with RyR1, induces a modification of the shape of the triads in KO mice.
Here we explore the intrinsic molecular properties of the triadin Trisk 95.
We show that when ectopically expressed, Trisk 95 is able to modulate reticu-
lum membrane morphology. The membrane deformations that are induced by
Trisk 95 are accompanied by modifications of the microtubule network organi-
zation. We provide evidences that the multimerization of Trisk 95 via disulfide
bridges, and an indirect interaction with microtubules, are responsible for the
ability of Trisk 95 to structure reticulummembrane. When domains responsible
for these molecular properties are deleted from Trisk 95, its anchoring to the
triads in muscle cells is strongly decreased. Overall, our data suggest that multi-
merization of Trisk 95 and binding to microtubules contribute to the organiza-
tion of membranes of the SR in a triad.
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Excitation-contraction (EC) coupling in skeletal muscle proceeds in the ab-
sence of an influx of external calcium ions. This suggests that there is a physical
interaction between the dihydropyridine receptor (DHPR) voltage sensor in the
surface/transverse tubule membrane and the skeletal muscle ryanodine receptor
(RyR1) calcium release channel in the membrane of the intracellular sarcoplas-
mic reticulum. The a1s and b1a subunit of the DHPR, as well as RyR1 are es-
sential for skeletal EC coupling, but the mechanism of their interaction remains
undefined. One scenario, that a1s subunit communicates with RyR1 via the b1a
subunit, is supported by studies of EC coupling in intact cells as well as by in-
teractions between the three proteins in vitro. We have described interactions
between the critical region of the a1s subunit and the SH3 domain of the b1a
subunit (Karunsekara et al. Biophys Abstract 2011) and between RyR1 and
the full length b1a subunit or the 35 residue C-terminal tail of b1a (V
490 -
M524) (Rebbeck et al. Biophys J. 2011;100:922-30). We have also reported
that a hydrophobic heptad repeat implicated by others in b1a interactions
with RyR1 is not required for the in vitro interactions (Rebbeck et al., Biophys-
ics abstract 2011). We now focus on a ‘‘hydrophobic triplet’’ (L496, L500 and
W503) in the b1a C-tail that is aligned along one surface of an alpha helix
and is separated from the extreme C-terminus by 21 residues. Individual sub-
stitution of L496, L500 or W503 with alanine abolished the ability of the peptide
to increase channel activity at þ40mV, although residual activation remained
40mV. Substitution of the three residues rendered the peptide inactive at
both potentials, indicating that all three residues are required for this protein-
protein interaction between the b1a C-tail and RyR1.1840-Pos Board B610
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Ca2þ ions have four established roles in EC coupling: trigger for contraction,
mediators of release (CICR), controllers of RyR channels from the SR-lumen
and agents of Ca2þ-dependent inactivation. Additionally, in frog muscle extra-
cellular Ca2þ protects the t-tubule voltage sensor (DHPR) from voltage-
dependent inactivation (Brum et al. J Physiol 1988). This ‘‘priming’’ role of
Ca2þ results in rapid DHPR inactivation in solutions with low [Ca2þ], unless
Ca2þ is replaced by suitable cations (Pizarro et al. JGP 1989). In mammalian
muscle, zero extracellular [Ca2þ] is imposed frequently to assess the contribu-
tion of SOCE to Ca2þ homeostasis, under the assumption that any effects will
be mediated by depletion of Ca2þ in the SR. In mouse FDB muscle fibers under
voltage clamp we combined measurements of SR [Ca2þ] ([Ca2þ]SR), Ca
2þ re-
lease flux and intramembranous charge movement (Qm). Upon long-lasting de-
polarization both the net amount of Ca2þ released and the measured decay in
[Ca2þ]SR (consequence of SR depletion) stabilize after 200-500 ms, reflecting
the attainment of balance between release through RyR channels and reuptake
by SERCA. In ‘‘low (25 mM) Ca’’ external solutions net Ca2þ release becomes
negative -uptake dominates- and concomitantly [Ca2þ]SR starts to recover from
depletion during the depolarizing pulse. The available Qm is somewhat reduced
at rest, and decays to near 0 during the pulse. These observations demonstrate
that the priming role of Ca2þ is also present in mammalian muscle. The conclu-
sion calls into question the interpretation of earlier studies on mouse muscle
(including our own; Royer et al. JGP 2010), which attribute the depressing ef-
fects of low extracellular [Ca2þ] exclusively to SR depletion. In mice as in
frogs, low extracellular [Ca2þ] also promotes voltage-dependent inactivation
of the t-tubule voltage sensor. Supported by NIAMS/NIH(ER) and the Physio-
logical Society (GB).
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Triadin (Tdn) and Junctin (Jct) are structurally related intramembrane proteins
that link the ryanodine receptors (RyRs) and calsequestrin (CASQ) at the lumi-
nal side of the junctional sarcoplasmic reticulum (jSR). Mice lacking either Tdn
(Tdn-/-), or Jct (Jct-/-), or both demonstrate partially overlapping, but distinct
roles for Tdn and Jct in stabilizing CASQ expression. By electron microscopy
we identify Tdn as the main component of periodic anchors, presumably as
cross-linked complexes, that connect CASQ and the jSR membrane. Jct is
more diffuse and its presence cannot be directly visualized. CASQ expression
level is not affected in Jct-/-, but decreased by ~ 40 % in Tdn -/- and by ~93% in
the double mutant, suggesting that Tdn is a strong stabilizer of CASQ, but Jct
also contributes. The jSR volume closely follows the CASQ content, being un-
altered in Jct-/-, but decreased significantly in Tdn-/- and even further in Tr-/-/
Jct -/-. In the single nulls, the remaining CASQ is retained within the jSR, but in
the double mutant it is found in large extra-junctional cisternae. Ca2þ transients
induced by Kþ depolarization and caffeine in Tr-/-/Jct-/- are smaller than WT,
in parallel to reduced SR Ca2þ, but show no shift in voltage dependence of
Ca2þ release, indicating that the e-c coupling mechanism is not altered by
the absence of the Tdn/Jct/CASQ complex. However, increased levels of rest-
ing cytoplasmic Ca2þ concentration were found in all mutants indicating a sta-
bilizing role of the complex on RyR leak at rest.
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